Conidia of Aspergilusfumigatus, Aspergillusflavus, Aspergillus niger, Penicillium brevi-compactum, Penicillium frequentans, Penicilium spinulosum, and Penicillium verrucosum var. cyclopium were subjected to partition at varying pH values in an aqueous two-phase system containing charged polyethylene glycol. In the system, the partition behavior of the conidia of the Penicillium species varied when the pH was raised, while the conidia of the Aspergillus species seemed unaffected. P. brevi-compactum was separated from P. verrucosum var. cyclopium after only 10 transfers when subjected to stepwise partitioning. In the same way, 10 transfers were needed to separate P. verrucosum var. cyclopium from a mixture of conidia of three Aspergillus species. The partition behavior was influenced by the culture media used.
It is a well-known fact that exposure to high concentrations of air-borne microorganisms, especially conidia of molds and actinomycetous spores, can cause allergies affecting the respiratory system (10) . The related allergic lung disease is named extrinsic allergic alveolitis. Cases of allergic alveolitis have been reported from the wood-trimming departments of Swedish sawmills (11) , from the agricultural sector, where moldy fodder is handled (6) , and from numerous other work environments (9) .
Investigations performed in hazardous environments show that the flora responsible for the allergic disease is often limited to a few species. For instance, in the woodtrimming departments of sawmills, the dominant flora consist of Rhizopus rhizopodiformis (Rhizopus microsporus van Tieghem), Aspergillus fumigatus, and Paecilomyces variotti (8) . Precipitating antibodies towards these species were also found in workers in this environment (2) . In a fruit-sorting department where moldy citrus fruits were being handled, Penicillium italicum was found to be the dominant species (G. K. Blomquist and G. B. Strom, submitted for publication). When such environments are examined for spore concentrations, the microorganisms are collected by various techniques (3, 5) . In these methods, the spores are dispersed, after sampling, in an aqueous solution and analyzed by the plate count technique. This procedure is often timeconsuming, and underestimations often result due to the selectivity of the media, the incubation temperature, and growth inhibition caused by fast-growing species. A quick method capable of separating collected microorganisms by genera and groups within genera would be a helpful tool in investigating these hazardous environments.
Aqueous two-phase systems have constituted a widely used separation method for macromolecules, cell particles, and whole cells (1, 7) . The 6% (wt/wt) polyethylene glycol (PEG) Carbowax 6000 (Union Carbide), 10 mM citrate-phosphate buffer (pH 2 to 6), and 3% (wt/wt) trimethylamino-poly(ethylene glycol) (TMA-PEG). TMA-PEG was prepared from Carbowax 6000 and was a gift from V. Shanbhag, University of Umea, Umea, Sweden. All other chemicals used were of analytical grade. Stock solutions of the polymers were weighed into 10-ml plastic test tubes together with buffer, sterile water, and 1 ml of conidial suspension. The total weight of the system was 4 g. The contents of the test tubes were mixed by inversion 30 times and allowed to stand for 45 min at room temperature (21 to 22°C) for phase separation. The exact pH in the systems was measured with a pH meter.
The partition ratio was determined by withdrawing 1 ml of the upper phase, diluting it with 2 ml of 10 mM potassium phosphate buffer (pH 6.8), and measuring the A560 with a spectrophotometer. The same amount of buffer was added to the remaining part of the system for phase dissolving. The absorbance was then measured in the same way. By measuring the phase volumes, the amount of conidia in the upper phase relative to the amount in the inter-and lower phases was calculated.
Separation experiments. One milliliter of an aqueous solution containing a mixture of conidia was added to the first of a series of 10 test tubes containing the two-phase system described above. One milliliter of sterile water was added to each of the other nine tubes.
For the separation of P. brevi-compactum from P. verrucosum var. cyclopium, the pH of the system was 6.5. When separating P. verrucosum var. cyclopium from the three Aspergillus species, the pH of the system was 5. The contents of the series of test tubes were mixed and allowed to settle as described above. After phase separation, 2 ml of the upper phase of tube 2 was withdrawn. A 2-ml amount of the upper phase of tube 1 was transferred to tube 2, after which 2 ml of fresh upper phase was added to tube 1. After mixing and phase separation, the procedure was continued until 10 transfers had been performed. After 10 transfers, 2 ml of 10 mM potassium phosphate buffer (pH 6.8) was added to each of the 10 test tubes for phase dissolving. The contents of the test tubes were carefully mixed, and the numbers of conidia per milliliter were determined by microscopic counting in a Burker counter chamber. Samples from phase system tubes 2 and 9 were diluted stepwise, spread on the cultivation medium consisting of malt extract agar described above, and incubated for 5 days at room temperature (21 to 22°C). The colonies which appeared were counted and characterized morphologically. RESULTS Transfer no.
FIG. 5 . Countercurrent distribution of a mixed solution of conidia of P. verrucosum var. cyclopium (I) and P. brevicompactum (II) in a two-phase system consisting of 12% (wt/wt) Ficoll 400, 6% (wt/wt) PEG 6000, 3% (wt/wt) TMA-PEG 6000, and 7.3% PEG 6000). When the amount of PEG 6000 is increased, the conidia tend to distribute themselves more selectively at the interphase independently of the pH of the system.
However, addition of the charged substituted PEG, TMA-PEG, to such a system provides an excellent system for the partition of Penicillium conidia (Fig. 2) . A increased. An increase in pH between 2.8 and 6.5 only affects the partition of conidia from P. verrucosum var.
a..
*p cyclopium in a small way (Fig. 2) ; on the other hand, the /cr^^_ _~-partition behavior of the conidia of P. brevi-compactum, P.
/, /~frequentans, and P. spinulosum are more strongly affected in /# ,the same pH interval. The two monoverticillate species, P. ied (Fig. 3) . To examine whether the choice of cultivation ,stem: 12% (wt/wt) Ficoll 400, 6% (wt/wt) PEG 6000, media had any influence on the surface properties and MA-PEG 6000, and 10 mM citrate phosphate buffer, thereby on the partition behavior of the conidia, P. 10. media. When subjecting the conidia to partitioning in the two-phase system described in Materials and Methods, the results in Fig. 4 were obtained. Small differences exist in partitioning between the conidia harvested from colonies grown on the different media. The colonies cultivated on media containing yeast extract also tend to show a different partition pattern compared with those grown without yeast extract.
As mentioned earlier, aqueous two-phase systems have been used successfully as a separation method for macromolecules and cell particles. Figure 5 presents the results of a countercurrent distribution of a mixed solution containing conidia of P. verrucosum var. cyclopium and P. brevicompactum. The abscissa shows the number of transfers performed, and the ordinate shows the amount of conidia per milliliter in the test tubes. From Fig. 2 , the pH optimum for separation of the two species of Penicillium conidia was found to be in the interval 6 to 7. Within this interval, P. brevi-compactum is located to about 80% in the upper phase compared to 30% for P. verrucosum var. cyclopium. Accordingly, a pH of 6.5 was selected in the system used for the multistep procedure.
As can be seen in Fig. 5 , the two species of Penicillium conidia are separated after only 10 transfers, resulting in two peaks. Peak I, with its optimum in test tube 3, consists mostly of conidia of P. verrucosum var. cyclopium, while peak II, with optimal number of conidia in tube 7, consists mostly of spores of P. brevi-compactum. The cultivation and morphological characterization results showed that test tube 2 was almost free of P. brevi-compactum conidia (about 90% P. verrucosum var. cyclopium), while in test tube 9 the conidia originated from P. brevi-compactum (about 85%).
Countercurrent distribution performed on conidia of P. verrucosum var. cyclopium, A. fumigatus, A. flavus, and A. niger is presented in Fig. 6 . The same number of transfers as described above were performed. After 10 transfers, the Penicillium conidia (peak I) were separated from the Aspergillus conidia (peak II). In this experiment the Penicillium conidia had a peak in test tube 2 instead of test tube 3, compared with the earlier experiment. This was caused by the fact that the pH in the system used in the experiment was adjusted to 5 instead of 6.5. As seen in Fig. 2 , the conidia of P. verrucosum var. cyclopium at this lower pH were located more in the inter-and lower phases compared with that at the higher pH.
Conclusions. The individual differences in partition behavior among the four species of Penicillium conidia studied are probably caused by diversities in the surface composition of the conidia. If an appropriate pH is chosen, the difference in partition behavior is large enough to enable a separation of the four species by countercurrent distribution of 120 transfers. In this investigation, it was possible, through knowledge of partition behavior, to separate conidia belonging to the same genera or to different groups within the genera.
The investigation shows that standardized cultivation techniques are necessary if the partition behavior of different molds is to be compared. Addition of yeast extract to the culture media results in relatively more positive groups on the surfaces of the conidia, thereby causing a lower percentage in the upper phase. Before the technique can be applied to field samples, the partition behavior of conidia growing on natural substrates and mixtures of substrates needs to be investigated.
